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ABSTrACT
The objective of the present study was to investigate the effect of substituting wheat bran (WB) with cumin seed 
meal (CSM) on laying performance, egg quality characteristics and egg-yolk fatty acids profile in laying hens. A total 
of 180 Bovans hens at 55 weeks of age were divided randomly into three treatments. The CSM was incorporated into 
a standard corn- and soybean meal-based diet by replacing 0, 50, and 100% of WB [i.e., 100% WB (control), 50% 
WB+50% CSM and 100% CSM] from 55 to 61 weeks of age. Body weight was measured at the beginning and end 
of the experiment. Feed intake, hen-day egg production and egg weight were recorded daily. At 61 weeks of age, 30 
eggs were taken at random from each treatment group to determine the egg quality characteristics. Replacing 100% 
of WB by CSM did not affect body weight, however, hen-day egg production, egg weight and egg mass significantly 
increased, while feed conversion ratio significantly decreased (P<0.05). Haugh unit, shell thickness and yolk color 
significantly increased by CSM substitution in comparison with 100% WB. Plasma concentrations of total cholesterol, 
triglycerides, LDL-cholesterol and glutamic oxalacetic transaminase (GOT) significantly decreased by replacing WB 
with CSM, while, plasma HDL-cholesterol significantly increased. Furthermore, the liver malondialdehyde (MDA) 
concentration significantly decreased, while vitamin E, linoleic acid and alpha-linolenic acid significantly increased 
(P<0.05) due to CSM inclusion. Therefore, it could be concluded that substitution of WB with CSM could improve 
laying performance and egg quality characteristics, and reduce lipid peroxidation in laying hens.
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performance, and allow for proper formulation of 
current poultry diets. It is well known that high 
fiber feed ingredients might result in negative 
effects on digestion and absorption of nutrients in 
broiler chickens (PAIK, 2003). However, inclusion 
of high fiber ingredients in high levels to layer diets 
introduction 
A recent increase in the price of energy sources, 
such as yellow corn and plant oils, has led to the 
addition of fibers to poultry feed as a method 
to decrease feed costs. Thus, it is important 
to understand the effects of these alternative 
dietary feed ingredients on the birds’ production 
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does not have any negative effect on performance in 
broilers (WALUGEMBE et al., 2015). 
There have been several experiments involving 
the use of dietary fiber ingredients, such as wheat 
bran (WB), rice bran, sunflower seed meal and cumin 
seed meal (CSM), in both broilers and growing laying 
hens’ diets, however, there are few reports concerning 
the use of fiber ingredients in laying hens during the 
production period (YAO et al., 2007; AnDERSSOn 
et al., 2014). Moreover, these days poultry rations 
are formulated with ingredients rich in energy and/
or protein, which are usually high in bulk density. In 
order to increase bulkiness and improve the balance 
between the energy and protein contents of such 
rations, WB is normally used at levels up to 40 - 50 
g/ kg diet (WILLATGAMUWA et al., 1998). WB is 
composed of about 53% dietary fiber (xylans, lignin, 
cellulose, and galactan, fructans) and bioactive 
compounds, such as alkylresorcinols, ferulic 
acid, flavonoids, carotenoids, lignans and sterols 
(APPRICH et al., 2013; AnDERSSOn et al., 2014; 
DE BRIER et al., 2014). Also, WB contains a rich 
stock of lignans and proteins, with balanced amino 
acid content, bioactive compounds, phytic acid, 
antioxidants, vitamins and minerals (JAvED et al., 
2012). nowadays in Egypt, CSM has been found to be 
a locally cheaper feed ingredient than WB. However, 
Egypt is one of the leading cumin seed (Cuminum 
cyminum) exporters in the world. Cumin seeds 
contain 20-40 mg/g of volatile oils (LUCCHESI 
et al., 2004), mainly a mixture of cymol or cymene 
and cuminic aldehyde, or cyminol, which is its chief 
constituent (PRADEEP et al., 1993). Cumin seeds 
contain 62 g moisture, 177-230 g protein, 238 g fat, 
91 g fiber, 355 g carbohydrates and 77 g mineral 
matter kg−1. Out of the 18 amino acids identified, 
eight were indispensable, and the first limiting amino 
acid was tryptophan (BADR and GEORGIEv, 
1990). Although there are a vast number of reports 
on the nutritive value and medicinal effects of cumin 
seeds and the extracted oil in humans and animals 
(CHInTHU et al., 1997; JOE and LOKESH, 1997; 
GAGAnDEEP et al., 2003), there is no documented 
work on the use of CSM as an ingredient in poultry 
rations (MAnSOORI et al., 2006).
Cumin seeds have also been widely used in 
traditional medicine for several benefits, e.g. 
as digestive, appetite and immune stimulants, 
(GILAnI et al., 2004) antibacterial agents and 
antioxidants (BOURGOU et al., 2012). The major 
pharmacologically active constituents of essential oils 
in cumin seed are: thymoquinone, dithymoquinone, 
thymohydroquinone and thymol (GHOSHEH et 
al., 1999), while selenium, DL-α-tocopherol, DL-
γ- tocopherol, and all-trans-retinol are among the 
important antioxidants present in cumin seed oil (AL-
SALEH et al., 2006). Thus, it could be hypothesized 
that the substitution of WB with CSM might enhance 
the laying performance and fatty acid profile in egg-
yolk. To our knowledge, a few researchers have 
conducted experiments investigating the effects of 
CSM inclusion on laying performance, egg quality 
characteristics and egg-yolk fatty acid profile in 
laying hens. Therefore, the aim of the present study 
was to evaluate the nutritional effects of CSM as a 
substitute for WB in commercial laying hen rations, 
on laying performance, egg quality characteristics 
and egg-yolk fatty acid profile in laying hens.
materials and methods
A total of 180 Bovans hens at 55 weeks of age 
with 70.5% egg production were individually housed 
in laying cages in an open-sided building under a 
16 h light: 8 h dark lighting schedule in the research 
farm of the Faculty of Agriculture, Kafrelsheikh 
University, Egypt. The hens were randomly divided 
into three experimental treatments. Each treatment 
group (60 hens) was further randomly divided into 4 
replicates of 15 hens. 
The birds were fed, ad libitum, diets containing 40 
kg/ton of WB (control), and WB was replaced by 50% 
and 100% CSM for the second and third treatments 
from 55 to 61 weeks of age. The experimental diets 
were 100% WB (control), 50% WB+50% CSM, 
and 100% CSM. The birds were fed a standard 
layer diet (18% crude protein; 2750 kcal ME, 4% 
Ca per kg diet, Table 1). Diets were calculated 
to meet the recommendations of the national 
Research Council for brown Bovans laying hens. 
The chemical composition of CSM was 16% crude 
protein; 2900 kcal ME per kg diet, 0.43% calcium, 
0.30% phosphorous, 2.19% total fat, 20.9% fiber, 
0.5% lysine, and 0.21 methionine. Feed intake was 
measured weekly, whereas hen-day egg production 
and egg weight were recorded daily throughout the 
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At 61 weeks of age, 30 eggs per treatment 
group were collected to measure egg quality traits 
and total cholesterol content in the egg-yolk. At 
the end of the experimental period, 15 birds from 
each treatment were randomly chosen, weighed, 
anaesthetized and slaughtered. Blood plasma and 
liver samples were taken and stored at -20 °C for 
subsequent analysis. 
Plasma total cholesterol, triglycerides, HDL-
cholesterol, LDL-cholesterol, glutamic oxalacetic 
transaminase (GOT), glutamate pyruvate 
transaminase (GPT), total protein, albumin 
and globulin concentrations were measured 
calorimetrically, using commercial kits (Diamond 
Diagnostics, Egypt) according to the procedure 
outlined by the manufacturer.
Lipid peroxidation in the liver was measured in 
the form of malondialdehyde (MDA), according to 
RICHARD et al. (1992). Analysis of fatty acids was 
carried out using a Shimadzu gas chromatograph 
GC-4 CM (PFE), equipped with flame ionization 
detector (FID). A standard mixture of methyl esters 
was analyzed under identical conditions prior to 
running the samples. The retention times of the 
unknown sample of methyl esters were compared 
with those of the standard. The concentration of 
methyl esters was calculated by the triangulation 
method, using the method described by RADWAn 
(2008) and SALEH (2013). vitamin E concentration 
in egg-yolk was determined by HPLC, according to 
the method described by SURAI et al. (1995).
The differences between treatments were 
statistically analyzed by one-way AnOvA in a 
completely randomized design, using Statistical 
Packages for Social Sciences (2001). The significant 
differences between the means of treatment were 
compared by Duncan’s new multiple-range test. P 
<0.05 was set as the limit of significance. 
results
The results showing the effects of replacing of 
WB by CSM on laying performance (body weight, 
hen-day egg production, feed intake, egg mass, 
FCR and egg weight) are presented in Table 2. 
The inclusion of CSM in the diet affected laying 
performance parameters. Body weight was not 









Yellow corn 573 580 581
Soybean meal, 
46% 183 185 195
Corn gluten 
meal, 62% 86 66 56
Limestone 95 95 95
Di-calcium 
Phosphate 18 18 18
naCl 2.5 2.5 2.5
DL- methionine 1 1 1
L-lysine 2 2 2
Soy oil 10 4 2
Wheat bran 40 20 ----
Cumin seed meal ---- 20 40
Premix* 3 3 3
Sodium 
bicarbonate 1.5 1.5 1.5
Potassium 
carbonate 3 3 3
Calculated analysis
ME  
(Kcal/kg diet) 2754 2756 2757
Crude protein, % 18.05 18.06 18.08
Calcium, % 4.08 4.07 4.08
Fiber, % 2.8 2.9 3.1
Phosphorus, % 0.43 0.43 0.43
Methionine, % 0.46 0.46 0.46
Lysine, % 0.95 0.96 0.97
Feed Cost,  
EGP/kg 5.543 5.433 5.347
*Premix content; vitamin mineral premix (units per kilogram 
of feed): vitamin A, 10,000 IU; vitamin D3, 3,500 IU; vitamin 
E, 35 IU; menadione, 1.5 mg; riboflavin, 5 mg; pantothenic 
acid, 8 mg; vitamin B12, 0.012 mg; pyridoxine, 1.5 mg; 
thiamine, 1.5 mg; folic acid, 0.5 mg; niacin, 30 mg; biotin, 0.06 
mg; iodine, 0.8 mg; copper, 10 mg; iron, 80 mg; selenium, 0.3 
mg; manganese, 80 mg; zinc, 80 mg.
experimental period. The feed conversion ratio (FCR, 
kg of feed/kg of eggs) for the entire experimental 
period was calculated on a cage basis from egg 
production, egg weight, and feed intake.
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Table 2. The effect of substitution of wheat bran (WB) with cumin seed meal (CSM) on production performance in 
laying hens
100% WB 50% CSM 100% CSM P-value
Initial body weight, g 1566.67 ± 63.94 1573.33 ± 45.83 1570 ± 62.00 0.91
Final body weight, g/30d 1613.33 ± 65.38 1611.11 ± 47.71 1610.56 ± 59.91 0.87
Hen-day egg production, % 70.44 ± 0.67 b 72.56 ± 0.988 ab 74.11 ± 0.964 a 0.052
Egg weight, g 59.11 ± 0.877 b 60.16 ± 0.46 ab 61.06 ± 0.398 a 0.051
Feed intake, g/d 117.9 ± 2.64 a 111.2 ± 1.55 b 110.3 ± 1.11 b 0.034
Egg mass, g of egg/hen/d 41.62 ± 0.61 b 43.67 ± 0.83 a 45.24 ± 0.59 a 0.042
Feed conversion ratio, g feed/g egg 2.83 ± 0.4 a 2.55 ± 0.3 a 2.43 ± 0.4 b 0.033
values presented are the means and their standard error of 60 per treatment. a,b Mean values followed by different letters in the same 
row are significantly different (P <0.05). WB - wheat bran; CSM - cumin seed meal.
Table 3. The effect of substitution of wheat bran (WB) with cumin seed meal (CSM) on egg quality in laying hens
100% WB 50% CSM 100% CSM P-value
Egg weight, g 59.5 ± 0.69 59.3 ± 1.35 59.4 ± 1.32 0.41
Albumin height, mm 5.36 ± 0.53 5.88 ± 0.60 6.20 ± 0.37 0.22
Yolk height, mm 16.2 ± 0.27 16.12 ± 0.25 16.89 ± 0.28 0.12
Albumin width, cm 2.56 ± 0.25a 2.08 ± 0.25ab 1.74 ± 0.26b 0.053
Yolk width, cm 3.51 ± 0.07 3.57 ± 0.11 3.50 ± 0.07 0.11
Haugh unit 112.8 ± 1.84b 120.4 ± 2.11a 122.9 ± 2.11a 0.065
Shell thickness, µm 366.1 ± 9.99b 408.9 ± 14.67a 414.4 ± 12.92a 0.042
Yolk color 7.06 ± 0.18b 7.93 ± 0.30a 8.11 ± 0.27a 0.026
values presented are the means and their standard error of 30 eggs per treatment. a,b Mean values followed by different letters in the 
same row are significantly different (P <0.05). WB - wheat bran; CSM - cumin seed meal.
Table 4. The effect of substitution of wheat bran (WB) with cumin seed meal (CSM) on blood biochemical 
parameters in laying hens
100% WB 50% CSM 100% CSM P-value
Total protein, mg/dL 5.2 ± 0.15 5.63 ± 0.38 5.5 ± 0.31 0.22
Albumin, mg/dL 2.13 ± 0.18 2.37 ± 0.088 2.23 ± 0.033 0.16
Globulin, mg/dL 3.1 ± 0.058 3.27 ± 0.296 3.13 ± 0.120 0.21
GOT, U/I 263.3 ± 13.33a 226.7 ± 16.67ab 213.3 ± 3.33b 0.056
GPT, U/I 6.167 ± 4.41 5.833 ± 6.67 5.5 ± 5.0 0.17
Total cholesterol, mg/dL 210.7 ± 5.81a 200 ± 10.58ab 178.7 ± 1.33b 0.062
HDL-cholesterol, mg/dL 31.33 ± 0.33b 34.67 ± 1.20ab 42.00 ± 4.16a 0.051
LDL-cholesterol, mg/dL 171 ± 4.9 161.7 ± 11.32a 123 ± 9.50b 0.032
Triglycerides, mg/dL 22.93 ± 1.220a 20.9 ± 1.0ab 18.67 ± 0.762b 0.063
values presented are the means and their standard error of 15 samples per treatment. a,b Mean values followed by different letters in 
the same row are significantly different (P <0.05). GOT - Glutamic oxaloacetic transaminase; GPT - glutamic pyruvic transaminase, 
HDL - High density lipoprotein;LDL - Low density lipoprotein; WB - wheat bran; CSM - cumin seed meal. 
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Data illustrating the effect of CSM inclusion on 
egg quality characteristics are presented in Table 
3. Albumin and yolk heights and yolk width were 
not significantly affected by replacing WB with 
CSM, however, albumin width, Haugh unit, shell 
thickness and yolk color significantly increased 
with substitution of 50 or 100% WB with CSM 
(P<0.05).
The data presented in Table 4 show the effect of 
replacing of WB with CSM on the blood plasma 
constituents of the laying hens. Total protein, 
albumin, globulin and GPT concentrations were 
not significantly affected, however, plasma GOT, 
total cholesterol, LDL-cholesterol and triglycerides 
concentrations significantly decreased with 
substitution of 100% WB with CSM (P<0.05). 
Plasma concentration of HDL- cholesterol increased 
significantly through the dietary treatments 
(P<0.05). 
Fig. 1 shows the effect of replacing WB with 
CSM on liver MDA content (as lipid peroxidation 
index), and egg-yolk concentrations of vitamin E, 
palmitic acid, linoleic acid and linolenic acid. Liver 
MDA content significantly decreased thorugh 50 or 
100% substitution of WB with CSM, while vitamin 
E, linoleic acid and linolenic acid concentrations 
significantly increased (P<0.05). Egg-yolk palmitic 
acid content was not significantly affected by 
dietary treatments.
discussion 
The major objective of the present study was 
to establish whether laying performance and 
egg quality characteristics might be affected by 
replacing WB with CSM in the diet of laying hens. 
In the present study, it was found that hen-day egg 
production, egg weight and FCR were significantly 
improved by substitution of 100% WB with CSM 
(Table 2). These results are in agreement with 
MAnSOORI et al. (2006) who observed that the 
addition of 25 or 50 kg/ton of CSM instead of WB 
improved egg weight and FCR, while body weight 
and feed intake were not significantly influenced. 
The improvement in performance may be due to 
the nutritional value of CSM. Cumin seeds are 
nutritionally rich; they provide high amounts of 
fat (especially monounsaturated fat), protein, 
Fig. 1. The effect of substitutions of wheat bran (WB) 
with cumin seed meal (CSM) on liver MDA (A), 
vitamin E (B), Palmitic acid (C), Linoleic acid (D) and 
Linolenic acid (E) in laying hens. values are expressed 
as mean ± SE; mean values with different letters are 
significantly different from each other (P<0.05).
significantly affected by replacing WB with CSM, 
however, feed intake significantly decreased and 
hen-day egg production and egg weight increased 
(P<0.05). Also, FCR was improved by feeding 
100% CSM.
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dietary fibers, vitamins B and E and several 
dietary minerals, especially iron (BETTAIEB 
et al., 2011). Also, the improvements in laying 
performance due to dietary inclusion of CSM 
might be attributed to the digestion-stimulating 
and antimicrobial properties of cumin (GALIB and 
AL-KASSI, 2010). Moreover, there is evidence 
that the active compounds of cumin enhance bile 
acid concentration and stimulate the secretion of 
digestive enzymes, including amylases, proteases, 
and lipases (SRInIvASAn, 2005). Moreover, 
PLATEL and SRInIvASAn, (2001) reported that 
feeding cumin shortened the food transit time by 
25%, which probably correlated with its positive 
influence on either digestive enzymes or bile 
secretion. 
Haugh unit, shell thickness and yolk color 
significantly improved with CSM substitution 
in comparison with 100% WB, however, other 
egg quality characteristics were not significantly 
affected in the current study (Table 3). These 
results are in agreement with MAnSOORI et al. 
(2006) who observed that the addition of 50 kg/
ton of CSM instead of WB improved yolk and 
shell quality characteristics. It is possible that CSM 
inclusion increased the secretion of bile acids and 
enhanced lipase activity, leading to enhancement 
of the absorption of fat and fat-soluble compounds, 
including β-carotenoids, which finally resulted 
in improving the yolk color score (PLATEL and 
SRInIvASAn, 2000). Moreover, dietary CSM 
enhanced calcium and phosphors digestibility, 
which is the cause of improved shell thickness 
(PLATEL and SRInIvASAn, 2001). Therefore, it 
is possible that dietary CSM might be involved in 
increasing serum calcium concentrations, and hence 
increasing shell calcification which consequently 
leads to the improvement of shell quality features. 
Serum biochemistry reference values might 
provide valuable information about physiological 
status, and provide an indication of health status 
and disease resistance in birds. Changes in internal 
milieu can be caused by various factors, one of 
which involves diet and feed (CAPCAROvá 
and KOLESáROvá, 2010). Plasma lipids 
were significantly changed, whereas a significant 
decrease in total cholesterol, LDL-cholesterol 
and triglycerides was observed, while HDL-
cholesterol significantly increased. However, 
plasma total protein was not significantly affected 
by substitution of WB with CSM (Table 4). These 
results are in accord with ALY et al. (2003), who 
reported that broiler chicks fed black CSM had 
lower (P≥0.05) plasma cholesterol concentrations 
than those fed the control diet. The decrease in the 
plasma level of cholesterol is expected to be due 
to the active compound found in cumin, which 
acts as an inhibitor to active enzyme hepatic 3- 
hydroxyl-3 methyglutaryl coenzyme A (HMG-
CoA) that synthesizes cholesterol (CROWELL, 
1999; SALEH et al., 2015). Furthermore, this 
reduction in serum cholesterol could be contributed 
in some cases to a reduction in some hormones 
secreted by the cortex of the adrenal glands, which 
in turn causes a reduction in the secretion of fatty 
acids from the adipose tissues, or a reduction in fat 
oxidation, leading to a reduction in the level of fatty 
acids, including blood cholesterol (GAnOnG, 
2005). The flavonoids presented in cumin seeds are 
recognized to have antioxidant activity and improve 
the antioxidant system. SAMAnI and FARROKHI 
(2014) demonstrated that cumin extract 
significantly decreased the level of oxidized low-
density lipoprotein. Similarly, SAMBAIAH and 
SRInIvASAn (1991) proved that dietary inclusion 
of cumin reduced serum and liver cholesterol 
concentrations in normal and hypercholesterolemia 
inducing diets in rats. The changes in the mean 
values of plasma HDL-cholesterol in the birds fed 
cumin seed may be due to the possible mechanism 
of the hypocholesterolaemic and hypolipidemic 
action of cumin seed oil, which suppresses the 
hepatic activities of lipogenic and cholesterogenic 
enzymes, such as: malic enzyme, fatty acid synthase, 
glucose-6-phosphatase dehydrogenase (CHI et 
al., 1982) and 3 hydroxyl 3 methyl-glutaryl-CoA 
(HMG-CoA) reductase (QURESHI et al., 1987). 
As shown in Table 4, serum GOT (P<0.05) and 
GPT (P>0.05) concentrations decreased in those 
birds fed CSM (Table 4). These marker enzymes 
are normally localized within the cells of the 
liver, heart, gill, kidney, muscles and other organs 
(YAKUBU et al., 2005). Moreover, these adaptive 
enzymes are of importance for diagnosis of diseases 
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(BEňOvá et al., 2003). It was reported that cumin 
seed relieves the deleterious effects of ischemia-
reperfusion injury on the liver in rats, as indicated 
by the titers of marker enzymes, total antioxidant 
capacity, total oxidative status, and myeloperoxidase 
in the liver tissue (YILDIz et al., 2008).
In the current study, CSM showed an 
antioxidative effect by decreasing MDA content 
in the liver, and increasing vitamin E content 
in egg-yolks (Fig. 1). Free radicals are highly 
reactive oxygen species with unpaired electrons 
in their outermost shell (HAMID et al., 2010). 
Increased production of free radicals in the body 
can cause oxidative stress that ultimately leads 
to oxidative damage to important biomolecules, 
leading to many chronic diseases (POULSOn et 
al., 1998). To cope with these radicals, the living 
system has an antioxidant enzyme defense system, 
or the animal may take antioxidants through its 
diet, as vitamins and minerals. Previous studies 
showed that cumin oils exhibited high antioxidant 
activity due to the flavonoids, particularly apigenin 
and luteolin, in cumin seeds (LEUnG et al., 
1980). GAGAnDEEP et al. (2003) reported that 
supplementation of cumin seeds (2.5 and 5% of 
diet) in mouse feed tended to increase superoxide 
dismutase, and catalase, and reduced glutathione, 
however, the activities of glutathione peroxidase 
and glutathione reductase remained unaltered by 
both doses of cumin. Similarly, cuminaldehyde was 
demonstrated to scavenge the superoxide anion 
(KRISHnAKAnTHA and LOKESH., 1993). 
Further, JUHAInMI and GHAFOOR (2013) 
confirmed that the supplementation of cumin 
seed extract has greater DPPH radical scavenging 
activities in comparison to un-supplemented 
animals, and the antioxidant activity of cumin seed 
extracts ranged from 8.25 to 11.24 mg/mL. They 
stated that the antioxidative potential increased with 
the increase in the phenolic compound content of 
cumin. The results graphically presented in Fig. 1. 
illustrate that feeding CSM had no significant effect 
on palmitic acid concentration in the egg-yolk, 
while linoleic acid and linolenic acid, as unsaturated 
fatty acids, significantly increased in the egg-yolks. 
These results were explained by ABDEL-AAL and 
ATTIA (1993) who reported that cumin seed has 
high levels of unsaturated fatty acids, particularly 
linoleic acid. 
Conclusion 
On the basis of the data presented above, it may 
be concluded that substitution of WB with CSM 
could improve laying performance and egg quality 
characteristics, and reduce lipid peroxidation in 
laying hens.
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SAlEh, A. A., A. ZAKi, A. El- AwAdY, K. AmBEr, N. BAdwi, Y. Eid, T. A. EBEid: Učinak zamjene 
obroka od pšeničnih mekinja obrokom sa sjemenkama kima na nesenje, kvalitetu jaja i masnokiselinski profil 
u kokoši nesilica. Vet. arhiv 90, 47-56, 2020.
SAžETAK
Cilj ovoga rada bio je istražiti učinak zamjene obroka s pšeničnim mekinjama (WB) obrokom sa sjemenkama kima 
(CSM) na nesenje, kvalitetu jaja te profil masnih kiselina u žumanjku jajeta kokoši nesilica. Ukupno je 180 Bovans 
kokoši u dobi od 55 tjedana slučajnim odabirom podijeljeno u tri pokusne skupine, u kojima su sjemenke kima dodane 
u standardni obrok s kukuruzom i sojom zamjenjujući 0, 50 i 100 % pšeničnih mekinja. Tako je kontrolna skupina 
hranjena obrocima sa 100 % pšeničnih mekinja, druga skupina s 50 % obroka s pšeničnim mekinjama i 50 % obroka 
sa sjemenkama kima, a treća skupina obrokom koji je sadržavao 100 % sjemenki kima. Pokusno razdoblje je trajalo 
od 55. do 61. tjedna starosti nesilica. Tjelesna je masa mjerena na početku i na kraju pokusa. Unos hrane, dnevna 
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proizvodnja jaja i njihova masa bilježili su se svaki dan. U dobi od 61 tjedna iz svake je skupine slučajnim odabirom 
uzeto 30 jaja kako bi se odredila njihova kvaliteta. zamjenjujući 100 % obrok od pšeničnih mekinja sjemenke kima 
nisu utjecale na tjelesnu masu, no ipak su dnevna proizvodnja, težina i masa jaja znakovito porasle, dok se stopa 
konverzije hrane znakovito smanjila (P<0,05). Haugh-ova jedinica, debljina ljuske i boja žumanjka znakovito su 
porasle u skupinama u kojima su pšenične mekinje zamijenjene sjemenkama kima u odnosu na kontrolnu skupinu. 
Ukupni kolesterol, trigliceridi, LDL-kolesterol i glutaminska oksalooctena transaminaza (GOT) znakovito su sniženi 
u skupinama u kojima su pšenične mekinje zamijenjene sjemenkama kima, dok je HDL-kolesterol znakovito povišen. 
nadalje, koncentracija malondialdehida (MDA) u jetri znakovito je snižena, dok su vitamin E, linolna i alfa-linolna 
kiselina znakovito porasli (P<0,05) uslijed dodanih sjemenki kima. Može se zaključiti da zamjena obroka s pšeničnim 
mekinjama obrokom sa sjemenkama kima može poboljšati nesenje i kvalitetu jaja te smanjiti lipidnu peroksidaciju u 
kokoši nesilica.
Ključne riječi: obrok sa sjemenkama kima; pšenične mekinje; nesilice; kvaliteta jaja; lipidna peroksidacija; 
masne kiseline_____________________________________________________________________________________________
